Background: Adult onset Still's disease (AOSD) is a rare systemic inflammatory disorder of unknown aetiology, frequently accompanying multiple lymphadenopathy. It often mimics malignant lymphoma, and immunohistochemical and molecular studies are needed for definite diagnosis. Aims: To aid in diagnosis and understand the pathogenesis of the disease by clarifying lymph node (LN) pathology in AOSD. Methods: Thirteen biopsies (one follow up biopsy) and medical records of 12 patients were reviewed. Immunohistochemistry, polymerase chain reaction for T cell receptor c chain (TCRc) and immunoglobulin heavy chain gene rearrangement, and Epstein-Barr virus in situ hybridisation were performed. Results: Histologically, LN lesions were classified into four patterns. The most common (six biopsies) showed paracortical hyperplasia, with prominent vascular proliferation, scattered large B/T immunoblasts, and infiltration by reactive lymphocytes and inflammatory cells. In the second pattern (two biopsies), paracortical hyperplasia was accompanied by massive sinus histiocytosis and S-100 positive histiocyte aggregates. The third pattern (three patients) showed an exuberant immunoblastic reaction, in the form of patchy/diffuse infiltration of large T immunoblasts with high mitotic activity, although clonal rearrangement of the TCRc gene was not detected. The fourth pattern showed distinct follicular hyperplasia (two cases). One patient with a follow up biopsy showed a pattern change from pronounced follicular hyperplasia to atypical paracortical hyperplasia. Conclusions: AOSD LN lesions show a dynamic histological spectrum, including atypical paracortical hyperplasia, burnt out histiocytic reaction, exuberant immunoblastic reaction, and follicular hyperplasia. During the course of disease, LN reactivity changes and mixed B and T cells are involved in the pathogenesis.
S
till's disease, an acute febrile form of juvenile rheumatoid arthritis, is a systemic inflammatory disorder of unknown aetiology, which rarely occurs in adults. Adult onset Still's disease (AOSD) is characterised by spiking fever, evanescent rash, arthritis, arthralgia, and the involvement of various organs. About 5% of patients with fever of unknown origin have AOSD. 1 Despite the constellation of characteristic clinical manifestations, the absence of specific serological and pathological findings often makes this disease difficult to diagnose. In addition, the clinical features show some overlap with other rheumatological or infectious diseases, and even malignancies. Therefore, it is very important to exclude the possibility of other diseases.
''Despite the constellation of characteristic clinical manifestations, the absence of specific serological and pathological findings often makes this disease difficult to diagnose'' Multiple lymphadenopathy develops in approximately 44-90% of patients with AOSD. 2 3 Therefore, it is one of the most common rheumatological diseases that the pathologist encounters. In the past, the lymph node pathology of AOSD was often described as merely normal or non-diagnostic reactive hyperplasia, and the nature of the lymphadenopathy was overlooked. 1 2 4 5 Valente et al described the characteristic lymph node histology of AOSD as atypical paracortical hyperplasia, and recently some authors reported scattered cases leading to confusion with malignant T cell lymphoma. [6] [7] [8] [9] We analysed the lymph node pathology of 13 specimens from 12 patients who underwent biopsy to exclude the possibility of malignant lymphoma. Clinical findings of all patients met the criteria of AOSD, and none of them developed malignant lymphoma during the follow up period. Through the analysis of our series of patients with clinicopathological, immunohistochemical, and genetic features, we reveal that the lymphadenopathy of AOSD shows a wide dynamic spectrum of pathological features.
MATERIALS AND METHODS

Patients
Twelve patients with AOSD underwent lymph node biopsy from 1995 to 2003. Eleven patients met the criteria of Cush et al and one patient (patient 10) met those of Yamaguchi et al. 3 10 Cush's criteria are as follows: (1) fever (> 39˚C); (2) arthralgia or arthritis; (3) rheumatoid factor (RF) titre, , 1/80 and antinuclear antibody (ANA) titre, , 1/100; and (4) any two of the following: leucocytosis (> 15 000 cells/mm 3 ), juvenile rheumatoid arthritis, rash, serositis (pleuritis or pericarditis), or evidence of reticuloendothelial involvement (hepatomegaly, splenomegaly, or generalised lymphadenopathy). In the definition proposed by Yamaguchi et al, five or more criteria, including two or more major criteria, need to be met, and the diseases listed below need to be excluded. Major criteria: (1) fever (> 39˚C, for one week or more), (2) arthralgia (for two weeks or more), (3) typical rash, (4) leucocytosis (> 10 000 cells/mm 3 ) with 80% more of granulocytes. Minor criteria: (1) sore throat, (2) PCR analysis for TCRc chain and IgH gene rearrangement DNA was extracted from formalin fixed, paraffin wax embedded tissues using a conventional method, and polymerase chain reaction (PCR) analysis for T cell receptor c chain (TCRc) and immunoglobulin heavy chain (IgH) gene rearrangement was carried out as described previously. 11 Briefly, for TCRc, multiplex PCR including five different primers for the V segment and three for the J segment and heteroduplex analysis were performed. Seminested PCR for IgH used two different primer pairs designated FR3A/LJH and FR3A/VLJH. Table 1 summarises the major clinical and laboratory features of the 12 patients. Patient 1 was presented to us at the third attack, and the others presented at the first attack with insidious or abrupt onset. The lymph node biopsy was done within one to four months from the onset of disease. The follow up biopsy of patient 12 was performed one month later. Culture studies, serological tests, and examination for variable autoantibodies to exclude the possibility of other infectious or rheumatological diseases showed no specific findings. Bone marrow studies were also performed, except in patients 8 and 11, and were interpreted as reactive marrows, frequently with granulocytic hyperplasia. In patient 7, a few haemophagocytic histiocytes were detected. Five patients (patients 2, 4, 5, 8, and 11) exhibited polyclonal hypergammopathy without an M-spike on serum and urine protein electrophoresis. The situation was complicated in patients 7 and 12 by neurological deficits of altered mentality and status epilepticus, respectively. Patient 10 suffered from combined thyrotoxicosis and adrenal insufficiency. The initial storm of attack subsided in all patients after steroids and non-steroidal anti-inflammatory drug treatment. All the patients were alive and doing well except for occasional complaints of mild arthralgia and transient rashes during the follow up period.
RESULTS
Clinical features
Pathological features
The lymph node lesions could be classified into four distinct patterns according to the histological and immunohistochemical findings. The most common pattern (so called atypical paracortical hyperplasia pattern), seen in six patients (patients 1 to 5, and follow up biopsy of patient 12), was characterised by paracortical hyperplasia with vascular proliferation and mixed cell infiltration. Only a few residual follicles were noted. The cellular infiltrates in the paracortical areas were composed of many small to medium sized lymphocytes, some plasma cells, variable numbers of atypical large immunoblasts, and a few eosinophils. Most of the small to medium sized lymphocytes having round to slightly irregular nuclei and scant cytoplasm were T cells expressing CD3, CD5, and UCHL1. The ratio of CD4 to CD8 positive cells was about 3 : 2 ( fig 1) . The large immunoblastic cells with hyperchromatic nuclei, prominent nucleoli, and a moderate amount of cytoplasm were either B or T cells. These cells exhibited frequent mitoses and occasionally expressed Ki-1. Mild histiocytosis and focal areas of monocytoid B cell proliferation were noted.
The second pattern (so called burnt out histiocytic pattern) was characterised by exuberant paracortical hyperplasia with vascular proliferation and extensive sinus histiocytosis, and this pattern was seen in two patients (patients 6 and 7). There was no residual follicle in the representative section. The histiocytes were positive for CD68 and S-100 protein, and often aggregated in the cortex with a mottled appearance (fig 1) . The third pattern (so called exuberant immunoblastic reaction pattern), seen in patients 8, 9, and 10, was characterised by paracortical hyperplasia with massive infiltration of immunoblasts. This type was the most difficult pattern to differentiate from malignant lymphoma. In patient 9, patchy areas of lymph node were filled with large atypical immunoblasts, in a background of paracortical hyperplasia. These areas were, distinctly, composed of CD3+, UCHL1+, CD52, and Ki-12 T immunoblasts, and the Ki-67 positive index was as high as 90% (fig 2) . In patient 10, many scattered and clustered atypical Ki-1+ T immunoblasts diffusely infiltrated the entire lymph node (fig 2) . The Ki-67 positive index was as high as 70%, and occasionally, apoptosis of individual cells was also noted. However, TCRc gene rearrangement analysis showed no clonal expansion of T cells (fig 3) .
The last pattern (so called follicular hyperplasia pattern), seen in two cases (patient 11 and the initial biopsy of patient 12), was characterised by many follicles of variable size dispersed throughout the lymph node. Some of them showed hyperplastic germinal centres containing many tingible body macrophages and small T cells. Some exhibited vascular hyalinisation of the germinal centre and mantle/marginal zone widening, together with follicle lysis.
EBER in situ hybridisation and PCR analysis for gene rearrangement EBER in situ hybridisation and a genetic study were performed in all patients, except for patient 8. In patients 3, 7, and 10, a few small lymphoid cells showed a positive signal for EBER. However, there were no EBER positive immunoblasts. EBER positive cells were not detected in the other patients. There was no evidence of clonal rearrangement of the TCRc gene and IgH gene in all cases examined, including two (patients 9 and 10) of the three patients with an exuberant immunoblastic reaction pattern (fig 3) .
DISCUSSION
Although lymphadenopathy is a common manifestation and one of the diagnostic criteria of AOSD, there are only a few sporadic reports about lymph node pathology in AOSD. This might be because of the difficulty in recognising the pathological characteristics of biopsy specimens encountered only occasionally by pathologists. In addition, the clinical features of AOSD, which include fever, hepatosplenomegaly, skin rash, and polyclonal hypergammopathy, can mimic malignant lymphoma, so that understanding the lymph node pathology of AOSD is very important. AOSD lymphadenopathy has been described simply as ''reactive hyperplasia, frequently with accompanying histiocytosis'', ''plasma cells and polymorphonuclear cell infiltrates with sign of reactive hyperplasia'', ''the follicular pattern of reactive hyperplasia'', or ''atypical paracortical hyperplasia''. 1 2 6 12 Through a literature review and the analysis of our 12 cases, including the one with an additional follow up biopsy, we conclude that AOSD lymphadenopathy represents a wide spectrum of histopathological features showing dynamic changes. Basically, lymphadenopathy is characterised by paracortical hyperplasia with vascular proliferation. Other reports regarding AOSD as one of the causes of florid reactive follicular hyperplasia have also been found. 12 13 The follicular hyperplasia pattern was seen in two of our patients, and interestingly, the lymph node of patient 12 in our series showed a follicular hyperplasia pattern in the initial biopsy and atypical paracortical hyperplasia in the follow up biopsy. This might explain, in part, the various pathological descriptions of AOSD lymphadenopathy.
The widened paracortical area was infiltrated by variable numbers of atypical B and T immunoblasts, and the extent of the immunoblastic reaction determined the difficulty of the differential diagnosis from malignant lymphoma. In extreme cases, classified as exuberant immunoblastic reaction pattern, portions or entire areas of the lymph node were effaced by actively proliferating large T immunoblasts. In such cases, detailed evaluation of clinical and laboratory findings, and additional studies such as immunohistochemistry and TCRc gene rearrangement are mandatory. Unlike angioimmunoblastic T cell lymphoma, clear cell clusters, CD21 positive follicular dendritic cell proliferation in the extragerminal centre area, and EBER positive large B immunoblasts were not found in AOSD. In addition, in contrast to angioimmunoblastic T cell lymphoma, AOSD occurs mainly in young adults. And unlike peripheral T cell lymphoma, there was no distinct cellular atypism, and no clonal TCRc gene rearrangement. Mitotic activity was not increased in the small to medium sized T cells. Kojima et al also reported that the CD4 : CD8 positive cell ratio is about 3 : 2 and cytotoxic T cells are seen in AOSD. However, in nodal peripheral T cell lymphoma, most T cells are CD4 positive. 8 ''The lymph node of patient 12 in our series showed a follicular hyperplasia pattern in the initial biopsy and atypical paracortical hyperplasia in the follow up biopsy''
We could find no associations between the clinical features and lymph node patterns in AOSD. Although two of the three patients with an exuberant immunoblastic reaction were complicated by either respiratory distress or endocrinopathy, whether the degree of immunoblastic reaction might reflect the disease activity is not certain. Two patients with pronounced S-100 positive histiocytosis in the lymph node pathology showed raised serum ferritin values-from 70 to 100 times the normal value. One of them showed the feature of haemophagocytic syndrome on bone marrow examination. These findings are in accordance with the suggestion by Coffernils et al that the very high serum ferritin concentrations encountered in AOSD reflect the presence of histiocytic hyperactivity, which sometimes leads to a haemophagocytic syndrome. 14 The pathogenesis of AOSD is unclear. An abnormal immune reaction to an infectious agent such as a virus has been suggested, although no such organism has been identified, and an imbalance of cytokines has also been proposed. 15 Abnormal immune reactions can provoke various reactive lymphadenopathies and malignant lymphoma. In fact, there are several reports of AOSD accompanied by Kikuchi's disease, Castleman's disease, and malignant B cell lymphoma. [15] [16] [17] [18] [19] A study done by Quaini et al showed that AOSD lymphadenopathy is a process involved by mixed B and T cells, 7 and the dynamic change of lymph node pathology from follicular to paracortical hyperplasia in our study could also support their hypothesis. However, the facts that the major histological pattern of AOSD lymphadenopathy is atypical paracortical hyperplasia, and that the exuberant immunoblastic reaction frequently mimics malignant T cell lymphoma, suggest that the T cell mediated immune reaction may play an important role in the course of disease.
In conclusion, our report emphasises that the lymph nodes in AOSD exhibit a wide spectrum of pathohistological features, which can be classified into four patterns, and that the pathology can change dynamically during the course of disease. Although there was no definite association between lymph node pathology and clinical features, future studies may reveal such an association. Combining immunohistochemical and genetic studies with careful evaluation of clinical and laboratory findings would prevent the overdiagnosis and underdiagnosis of the lymph node specimen. Understanding the nature of AOSD lymphadenopathy could also help to elucidate the pathogenesis of the disease. 
